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Supplementary Method
Column preparation and gas sampling
Each column was fitted with sampling ports, 205 mm above the base and in the upper surface of the top cap, and an injection port 5 mm above the base, all fitted with butyl rubber septa ( Figure S1 ). All water was assumed to have a density of 1.00 g cm -3 . The bulk density (BD) of sieved biochar, measured by the method of Balco and Stone 1 , was 0.338 g cm −3 .
The porosity of the soil, assuming a mean particle density of 2.65 g cm -3 , was estimated as (1 -BD/2.65) ×100 = (1 -1.02/2.65) ×100 = 61.5 %. The porosity of the biochar was estimated from its BD and the density of its solid C fraction 2 to be between 75 and 80 %, and thus taken to be 77.5 %. Porosities of composites were calculated from estimated porosities of the components.
After repacking, the top surface of the contents of each column was covered with a 37 mm diameter PVC disk, which had string attached to facilitate later removal. On top of these was packed non-absorbent cotton wool inside muslin bags, tied at the neck with string. Finally, the top caps were fitted, sealed to each column with silicone tape and each column weighed.
On return from γ-irradiation and removal of temporary packing each column had an internal headspace of 129.3 mL.
Two 2 mL samples of each injection mixture (IM) were taken prior to sample injection into columns. A third 2 mL sample of the IM was also taken when time permitted, generally about 40 min after the first injection. Prior to analysis all samples had an additional 23 mL of N 2 gas added, increasing the pressure in each vial to >2 atmospheres in order to suit the analytical equipment. Immediately prior to injection of any IM a 2 mL sample of headspace gas was withdrawn from each column. The air used to flush the acid-washed sand column between uses was passed into the column via the bottom septum and allowed to exit via the top septum. 
TEM sample preparation and examination
Small fragments of biochar were placed in an agate mortar and lightly ground in ethanol to produce a suspension. A small volume of the suspension was withdrawn with a pipette and a single drop placed on a holey carbon support film supported on a standard copper TEM grid.
The specimen was allowed to air dry. Examination was carried out using a JEOL ARM200F
probe-corrected scanning transmission electron microscope (STEM) operating at 200kV.
Imaging was carried out using both high angle annular dark field (HAADF) and bright field modes. The former providing atomic number contrast and the latter diffraction contrast.
Images were acquired using a Gatan DigiScan scan controller system managed by Gatan's DigitalMicrograph software. The microscope was fitted with a cold field emission electron source and a Gatan Quantum imaging filter for electron energy loss spectroscopy (EELS).
Energy resolution in EELS was 0.7eV with the probe conditions used. The microscope was also fitted with a JEOL large area (1sr) energy dispersive spectrometer (EDS) for x-ray microanalysis. Point analyses were carried out using the Gatan EDS plugin within DigitalMicrograph, while spectrum imaging/x-ray mapping was carried out using the Noran System Seven EDS software platform.
SEM analysis
The sample was mounted on SEM stub with carbon tape and was chromium coated. This coating was used as there is little interaction with any of the major elements that are observed on the surfaces of biochar. The EDS spectrum was acquired at 15kV and a working distance of 8 mm. The acquisition time depended on the signal intensity but was normally 120
seconds.
